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This literature review provides an overview of the various topics related to using implicit 
feedback for information retrieval. Specific topics which are addressed are explicit 
relevance feedback for query expansion and its advantages and disadvantages, user 
behaviors that provide implicit information to a system, techniques to implement implicit 
feedback in systems and the advantages and disadvantages of using implicit feedback in 
information retrieval systems. For behaviors of users that were studied by researchers, 
this study provides a discussion on whether the researchers found them to be useful or 
not. A discussion on the techniques with which these behaviors are implemented in 
systems by researchers is presented to gain an understanding of how these behaviors 
could be used in a system to interpret the behaviors of users. It is concluded that 
information retrieval systems utilizing implicit feedback would help users find relevant 
documents.  
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21. Introduction
In the field of information retrieval, the performance of a system is affected by many 
factors such as the type of document collection, type of queries used, the methods or 
algorithms used for retrieval, the experience of users in using such a system, the level 
of interaction required of a user, the feedback mechanisms used to involve a user in 
improving the formulation of a query, the methods of query optimization used, etc. A 
successful system must interpret the needs of a user in order for the system to retrieve 
a set of results that are relevant to the user. While it is common to build information 
retrieval systems that operate over large collections of data and cater to hundreds of 
thousands of users, the goal of presenting relevant documents to each individual user 
becomes impossible due to the sheer diversity of the needs of the users and the 
documents in the collection. 
Most information retrieval systems are built in such a way that they are likely to 
retrieve a high number of documents for a small number of query terms. When a user 
queries a system with a large number of terms, the result set is likely to contain a 
smaller number of documents. The result set may or may not present relevant 
documents to a user. The user can rephrase or add terms to a query to obtain better
results from a system. Using this method, a user can utilize the system to retrieve 
relevant documents. However, many information retrieval systems seek to provide 
users with an option to use a feedback mechanism. A feedback mechanism can be of 
3either the explicit or the implicit type. The explicit feedback option provided by most 
information systems allows users to expand queries manually or select relevant 
documents from a result set. Information from the relevant documents is then used by 
the system to expand queries and present relevant documents to users. A system can 
collect information regarding a user over a single search session to present relevant 
documents to that user in that search session. A system can also collect information 
about a user over a long term to build a user profile. A user profile is a set of 
information concerning the usage of a system by a user. The system collects 
information such as the documents considered relevant from a user’s past queries, 
relevant documents in a result set that are ranked by a user, the terms used by a user 
in the queries that returned relevant documents and the terms picked by the user from 
relevant documents to expand queries. This method of obtaining information from 
users is called explicit feedback. 
Explicit feedback mechanisms are a good way of obtaining information from users to 
understand their information needs and build their profiles, however they may require 
time and effort on the part of the user, they may be perceived as intrusive or users 
may not feel the necessity to explicitly provide information to the systems. I present a 
few experiments describing the effectiveness of explicit feedback mechanisms in a 
later section. This is followed by a discussion of the advantages and disadvantages of 
using such mechanisms. As an alternative to using explicit feedback mechanisms, I 
present a discussion on methods and techniques used to obtain feedback information 
implicitly from user to help improve the results of an information retrieval system. 
4Implicit feedback mechanisms seek to obtain information from the users with 
minimum intrusion. I also present a discussion on the advantages and disadvantages 
of using implicit feedback mechanisms.  This paper seeks to answer the question, 
How does implicit feedback for information retrieval affect the results of an 
information retrieval system? 
The approach taken to answer this question is a literature review of the various user 
behaviors that could be used in an implicit feedback technique, the techniques and 
methods used for implementing implicit feedback mechanism in an information 
retrieval system and their effectiveness.
52. Significance of the Study
Information retrieval has attained tremendous importance with the explosive growth 
of information retrieval systems. This can be attributed to factors such as the wide 
usage of the internet, growth in the number of documents available on the internet, 
dependence on electronic media and corporate intranets that serve the needs of 
individual organizations in the internet. One of the challenges faced by users is to 
obtain information that is relevant to them from the abundance of documents 
available. An example of the challenges is that users might be required to use explicit 
relevance feedback for query expansion in order to improve the results of a system. 
Research in the field of implicit feedback seeks to address the need to improve the 
process of presenting relevant documents to users by building user profiles and 
obtaining information from their usage of the systems using unobtrusive means. In 
light of this, I feel it is important to understand how an information retrieval system 
could incorporate user behaviors into an implicit feedback technique to improve 
performance. 
This research is targeted at researchers in the field of information science and 
specifically members of the research community and developers of information 
retrieval systems who are seeking to use implicit feedback as a technique to improve 
performances of their retrieval systems. The outcome of this research is a paper that 
includes discussions on behaviors of users that could be used in an implicit feedback 
6technique, implementing such user behaviors in implicit feedback techniques and the 
advantages and the disadvantages of utilizing implicit feedback for improving the 
results in an information retrieval system. 
73. Method
3. 1. Scope
This study is a secondary analysis of methods and techniques for implicit feedback 
documented in the information retrieval literature, focusing on improving the 
performance of information retrieval research using implicit feedback. First, I present 
a brief section on the advantages and disadvantages of using explicit relevance 
feedback for query expansion to allow comparison and motivate the need for implicit 
feedback. For the section on implicit feedback technique, I will discuss the behaviors 
of users that researchers have studied to show their usefulness in a system. I will also 
present a discussion on methods and techniques used to obtain feedback information 
implicitly from users. I conclude the section on implicit feedback by presenting a 
discussion on the advantages and disadvantages of using this technique.
3. 2. Methods of Analysis
For this study, a number of methods and techniques used for implicit feedback to 
improve the results of an information retrieval system were examined. I identified 
these techniques and focused on how researchers incorporated them into their 
retrieval systems. From the researchers’ studies I was able to summarize the
effectiveness of the techniques based on the results provided. I also looked at 
proposed methods and techniques available in the literature even if no experimental 
results were available. 
83. 3. Sample Selection for the Study
Implicit feedback spans various aspects of information retrieval such as relevance 
feedback, query expansion and user profiling. To select my initial set of research 
papers, I conducted searches in the academic journals and proceedings that publish 
research in information retrieval. The possible sources of literature were the 
conferences and journals that deal with Information Retrieval research. 
Specific journal and proceedings identified for the study are:
 Proceedings of Annual SIGIR Conference on Research and Development in 
Information Retrieval
 Journal of ACM Transactions on Information Systems
 Journal of the American Society for Information Science and Technology
 Information Processing and Management
 Joint Conference on Digital Libraries
 Proceedings of Annual Conferences on Intelligent User Interfaces
 Proceedings of Annual Conference on Information and Knowledge Management
 Proceedings of International conference on Internet Computing
 Proceedings of the AAAI Workshop on Recommender System
 Proceedings of International Conference on Autonomous Agents
 Computers and Society 
 Ethics in Computer Age 
These journal and proceedings cover the topics that are explored in this study and 
provided a sample of 30 papers. 
9I found many papers that dealt with techniques and methods to improve the results of 
information retrieval using both explicit feedback and implicit feedback. To start the 
review process, I chose a few papers that I found to be informative on a range of 
issues. I first read these papers to gain an initial understanding of the issues they 
addressed. Table 1 lists these papers. 
Table 1: Initial set of papers studied
Claypool, M., Le, P., Waseda, M., Brown, D. (2001). 
Harman, D. (1992). 
Kelly, D., & Teevan, J. (2003). 
Kim, J., Oard, D. W., & Romanik, K. (2000). 
Magennis, M. & van Rijsbergen, C.J. (1997). 
Morita, M., & Shinoda, Y. (1994). 
Salton, G., Buckley, C. (1990). 
By studying these articles, I was able to identify the core issues that dealt with 
improving the results of an information retrieval system such as relevance feedback, 
query expansion, user profiling and implicit feedback. Research papers that were 
referred to in these initial papers were selected for inclusion in the study if they 
provided research insights that were novel and included an empirical study. Table 2 
lists these papers.
Table 2: Set of papers obtained from the initial set of papers
Allan, J. (1996).
Fitzpatrick, L., & Dent, M. (1997).
Golovchinsky, G., Price, M. N., & Schilit, B. N. (1999).
Harman, D. (1988).
Jansen, B. J., & Spink, A. (2003).
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Jansen, B. J., Spink, A., & Saracevic, T. (2000).
Kelly, D. & Belkin, N, J. (2004).
Leroy, G., Lally, A., M. & Chen, H. (2003).
Oard, D. W., & Kim, J. (1998).
Maes, P. (1994).
Oard, D. W., & Kim, J. (2001).
Raghavan, V. V., & Sever, H. (1995).
Roberston S.E., & Sparck Jones K. (1976).
Rocchio, J.J. (1971).
Salton, G. (1989).
Seo, Y. & B. Zhang (2000).
van Rijsbergen C.J. (1986).
Vechtomova, O., & Karamuftuoglu, M. (2004).
White, R.W., Jose, J., M. & Ruthven, I. (2003a).
White, R.W., Jose, J., M. & Ruthven, I. (2003b).
White, R.W., Ruthven, I., & Jose, J. M. (2002).
Two additional research papers that have been published recently and have not yet 
been cited were also included in this study. They were chosen for the novelty in their 
research design and efforts to reveal new techniques and methods. Table 3 lists these 
papers.
Table 3: Papers included for their novelty in research design
Jansen, B. J. (2005).
Sugiyama, K., Hatano, K., & Yoshikawa, M. (2004).
3. 4. Limitations of the Study
This study was conducted by student who is trained in the field of information 
retrieval but has experimented with only a few parts of application of implicit 
feedback in information retrieval. The lack of comprehensive training in this field 
might have led to a few errors in analyzing and synthesizing literature. Limitations in 
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the availability of resources such as time and access to relevant literature limited the 
study because the amount of available relevant literature on application of implicit
feedback in information retrieval was found to be huge. Because of the nature of 
secondary analysis, the study reflects the interpretations of the researcher.
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4. Explicit Techniques for Improving Information Retrieval
In this section, I will present a brief discussion on one explicit feedback technique 
that is commonly used in the field of information retrieval to improve the results of a 
system. For the scope of this study, only this topic will be considered though there are 
a large number of techniques are used to improve results in a system. I chose to 
provide a brief discussion on how relevance feedback is used for query expansion 
because I feel this is a commonly used technique in information retrieval systems. 
This is followed by a discussion of the advantages and disadvantages of using this 
technique. This highlights why explicit feedback mechanisms pose many 
disadvantages to the users and why an alternative technique like implicit feedback is 
required.  
4. 1. Relevance Feedback and Query Expansion
Relevance feedback is a means of providing information to an information retrieval 
system on the set of results provided by the system based on a query (Salton and 
Buckley, 1990). The user can judge what documents are relevant and what documents 
are not relevant and a system can use this information in a feedback mechanism. One 
of the ways is using the feedback information for query expansion. This information 
is collected using either explicit means or implicit means. 
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Query expansion requires the system or a user to select terms that can be added to an 
original query in order to improve the results of a query. The technique of query 
expansion using relevance feedback was used by Rocchio (1971) for improving the 
results of an information retrieval system where users read the representations of the 
documents first retrieved and identified them as relevant or non-relevant. Based on 
these judgments, terms were selected from the relevant documents to add to queries. 
Each iteration of adding terms to the original query was based on the availability of 
the documents that have been judged as relevant by the users. 
While a discussion on the exact nature of how the technique of relevance feedback for 
query expansion works is out of the scope for this paper, I will discuss a few 
advantages and disadvantages of using this technique in the next section. This is done 
in preparation for the discussion on implicit feedback. 
4. 2. Advantages and Disadvantages of Explicit Relevance Feedback for Query 
Expansion
In this section, I will discuss some advantages and disadvantages brought out in 
literature and some are my own opinions. 
Experiments that have been conducted on query expansion have shown that a few 
iterations on the initial query, when relevant terms and new terms are added, help to 
improve the results of an information retrieval system (van Rijsbergen, 1986). It 
shows that query expansion can improve results. The new terms are provided by the 
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users, they do not include terms from the original queries and they may or may not 
include the relevant terms. These iterations work by changing the weighting of the 
terms already in the query. These results show improvement in recall and precision 
when compared to the results obtained from the initial query. I think that in the case 
of stand alone databases using information retrieval systems, expert users of a system 
or those that are trained for using such systems in an effective manner can make use 
of the technique of explicit relevance feedback for query expansion to a great effect. 
Familiarity with a system and the collection allows the users to pick out the right 
terms for relevance feedback and a sufficient number of terms for query expansion. 
Users could run the queries through an optimum number of iterations on a system to 
achieve the best results (Harman, 1992). This shows that users can get better results 
from a system by iterating a query the right number of times using the right terms. 
Experiments conducted by researchers in the past (Salton and Buckley, 1990; Harman 
1992; Robertson and Jones, 1976) have shown the effectiveness of user involvement 
in the process of relevance feedback as a means of improving the results of an 
information retrieval system. The researchers show that a user is the best person to 
evaluate the relevance of a document in the process of information search. They also 
state that it is the user’s relevance judgments of the documents that lead to perceived 
effectiveness of a system. This is because relevance feedback for query expansion 
works best when the users are able to identify a few relevant documents which can 
then be culled for relevant terms (Salton and Buckley, 1990). The technique of 
relevance feedback for query expansion involves users in an extensive manner 
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(Magennis and van Rijsbergen, 1997). Such techniques can be used to induce a 
change in the way users generally perceive an information retrieval system to be 
passive. User might perceive a system to be passive when a system does not possess 
the capability to let the user interact with the system to improve the results. The 
technique of using relevance feedback for query expansion would allow for a user to 
be involved in the information retrieval process by providing relevance feedback and 
this could lead to achieving better results when the user is motivated enough to 
provide the system with feedback. 
From the above discussion, it is clear that using relevance feedback for query 
expansion does provide for certain advantages in improving the results of an 
information retrieval system. However, researchers have also brought out many 
disadvantages in using such a feedback mechanism and some of these are reported 
here. 
Users may lack understanding of the purpose of techniques such as relevance 
feedback and query expansion used in an information retrieval system. This could 
complicate the process for users in using a system to obtain relevant documents using 
such techniques (Jansen, Spink & Saracevic, 1998; Jansen, 2005). The process 
becomes complicated for users because they do not understand the purpose of a 
technique or they are not familiar with the technique. This would mean that the 
learning curve associated with such users to understand the processes could be long 
and may lead to an underappreciation of such techniques. Often, it is also the poor 
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design of an interface of an information retrieval system that may cause the process of 
relevance feedback for query expansion to appear more difficult than it really is 
(Kelly and Teevan, 2003; Kim, Oard and Romanik, 2000). A user might be required 
to perform tasks such as expanding queries manually by adding new terms, 
identifying relevant documents and relevant terms in them to be added to queries and 
identifying relevant documents to let a system use these documents for query 
expansion. While these tasks may be common to many explicit feedback systems, the 
interfaces of some systems might make it difficult for a user to perform these tasks. 
The design of the interface might make it difficult for the user to conceptualize the 
entire process. The difficulty in interfacing with a system might lead the users away 
from information retrieval systems that use explicit relevance feedback. 
The process of identifying relevant documents from the result set of an information 
retrieval system and then identifying the relevant terms in each of these documents is 
a tedious process that requires extensive user involvement (Jansen and Spink, 2003). 
This could be detrimental to the cause of promoting the use of such systems because 
users may prefer minimal manual intervention and expect a system to perform well 
on its own based on the initial set of query terms. In cases where a high level of 
interaction is required or an extensive feedback is required, users may object. Users 
may not always be willing to provide relevance judgments for documents to improve 
the results of a system using the technique of relevance feedback for query expansion 
(Jansen, 2005). I presented a discussion in the previous section on how extensive user 
interaction required by an explicit feedback system is an advantage. In this case, the 
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researchers (Magennis and van Rijsbergen, 1997) stated that such a process would 
enable a system to retrieve relevant documents for a user. However, all users might 
not be inclined to be extensively involved in the process of retrieval even though the 
system may not present relevant documents to a user. This becomes a case of a users’ 
preferences where the user could improve the results of a system by providing 
feedback or prefer not to use such a process. 
When users judge a system based on their perceptions for the effectiveness 
(Sugiyama, Hatano and Yoshikawa, 2004), some users might perceive the system to 
have performed worse in terms of retrieving relevant documents because of using the 
technique of relevance feedback for query expansion. In my opinion, this might occur 
due to a reason like system reducing the number of documents retrieved after using 
query expansion. A user might feel that the system should not have reduced the 
number of documents. It might also occur because a user might have seen a few 
relevant documents in the result set obtained from the first query and these documents 
might not be presented in the same order after using query expansion.  Such a 
scenario leads to conflict in the purpose of the relevance feedback for query 
expansion techniques and its purported efficiency in improving the results of 
information retrieval. Users in this case might not be willing to use such a technique 
on that system again. 
Some of the advantages and disadvantages of using relevance feedback for query 
expansion were discussed in this section. I feel the technique of using explicit 
18
feedback for query expansion works but it has problems that may be addressed in part 
by implicit feedback. I will now present a section on using implicit feedback methods 
as an alternative to using explicit feedback techniques. 
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5. Implicit Feedback
5. 1. Techniques to Obtain Information for Use in Implicit Feedback
Relevance feedback is a technique that helps in improving the results of information 
retrieval systems and has been shown to be an effective tool (Magennis, M. and van 
Rijsbergen, C.J., 1997; Harman, 1992). However, users do not always use this tool in 
order to improve the search results of a system (Jansen, 2005), as mentioned in the 
previous section. A typical search process for a user involves formulating a query, 
browsing the results and selecting the interesting or relevant items. If relevance 
feedback were to be used it would require the users to perform an additional task. 
Jansen and Spink (2003) found in their studies that 26% of web search sessions last 
approximately 5 minutes or less. This duration might indicate the typical time a user 
would be willing to spend on a search, which may not permit the users to incorporate 
an extra task by providing relevance feedback to the system. In addition, Jansen, 
Spink and Saracevic (2000) analyzed user queries in web search sessions and found 
that queries are typically composed of very few words. The researchers considered 
the terms in the queries too few because the system would return a large set of results. 
A user would need to identify relevant documents from this result set and this task 
might take a long time. It may not be possible for every user to select the relevant 
documents from a large set of results. Users would have to perform a few tasks to 
narrow down the result set to fewer documents which the users could then examine 
for relevance. Explicit relevance feedback techniques allow users to perform 
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additional tasks on a result set to obtain relevant documents. Some form of implicit 
feedback mechanism implemented in information retrieval systems could help users 
achieve better results in terms of precision or recall or both. An improvement in either 
of these measures would help retrieve relevant documents for users. A major 
advantage of a system using implicit feedback is that it would require no changes in 
the conduct of the search process for users. 
The following sections describe research on behaviors of users that could be used in 
an implicit feedback technique. Effective implicit feedback techniques could then be 
used to improve the results of an information retrieval system. I first report on the 
common types of information that researchers have studied for their potential 
usefulness in an implicit feedback mechanism. I discuss the evaluation provided by 
the researchers on whether the behaviors have been shown to be useful or not. The 
section concludes with a brief summary of the various types of information that can 
be collected for an implicit feedback mechanism. 
Morita and Shinoda (1994) conducted experiments in which 8 users read a total of 
8000 articles posted to newsgroups of which the users were members, over a period 
of 6 weeks. The users were asked to provide explicit interest ratings for the articles 
they read. The experimental system collected information on users’ behaviors such as 
reading time, saving or following-up on a message. Reading time specified how much 
time the users spent reading an article. The researchers’ hypothesis was that users 
would spend a longer time reading interesting articles than uninteresting ones. Saving 
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and follow-up were observed by the researchers to determine if the users took any 
action on the articles they read. If users saved an article, it allowed the system to 
determine if the user took the action of saving an article from the message board. 
Follow-up meant that the users posted a message to the newsgroup in response to the 
article they read. 
Morita and Shinoda found that users spent at least 20 seconds on articles that they 
rated as interesting and that higher reading time meant the users found the articles 
more interesting. The researchers could predict if an article was interesting with 70% 
precision for 30% of the articles if the users spent more than 20 seconds for reading 
it. They suggest that the length of articles did not significantly affect the reading time 
of an article. They reported that they did not find significant correlation between the 
actions of saving and follow-up with the articles rated as interesting by the users. 
However, their finding on a positive correlation between the relevance of a document 
and reading time in their experiments has inspired other researchers to investigate it. 
Kim, Oard and Romanik (2000) conducted experiments to identify user behaviors that 
could be used in an implicit feedback mechanism. They reasoned that many explicit 
user profiling techniques used by systems would work well provided there is 
considerable participation from the users but that such participation is expensive on 
various counts. The researchers defined user profiling or modeling as a technique to 
capture information concerning the usage of a system by a user. 
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For their experiment, Kim, Oard and Romanik used a system called Powerize 
ServerTM and a collection of heterogeneous document collections. They observed the 
usage of the system by 95 undergraduate students for a period of one lab session. The 
users were provided with 10 query topics. The researchers defined three broad 
categories of observations, examination, retention and reference, to enable a system to 
classify the observable behaviors of a user when presented with results from an 
information retrieval run. The examination category contained behaviors such as 
selection of documents for examining them, reading time for a document, repetition 
of examining the same document and purchase of a document if it was priced for 
accessing. Reading time was the time spent by a user on a document after opening it 
from the result set. This definition of reading time is consistent with that defined by 
Morita and Shinoda (1994) and Kim, Oard and Romanik cited this research for 
including reading time in their framework. The retention category included 
bookmarking a web page, printing a document and saving a document on the system 
for future use. Printing behavior specified whether a user printed a document from the 
retrieved results or not. The printing of a document signified to the researchers that 
the users thought a document relevant enough to keep a permanent copy of it for 
future reference.  The reference category included citing a document, providing a 
hyperlink to a web page and using selective portions of a document for personal use. 
A citation or providing a hyperlink signified that the users intended to convey the 
relevance of document for a particular topic to others. All of these behaviors could be 
collected from a user by a system by using unobtrusive means of observation.
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The goal of the researchers was to test if reading time and printing were good sources 
for implicit feedback. The system allowed users to query using a search interface and 
it recorded the reading time, printing behavior by users for documents selected and 
explicit ratings for documents if they were provided by users. For reading time, 
results showed that 30% of relevant documents could be predicted with a precision of 
0.7. This precision was attained for reading time at a threshold of 50.47 seconds. 
They concluded that reading time for a document from the set of results retrieved by a 
system was found to be useful and that a system could be trained to assign a threshold 
reading time above which a system could consider a document relevant for a user.  
The relationship of printing behavior with relevance documents was not concluded 
with certainty by the researchers. This was because the information seeking problem 
posed to the users was in an experimental setup and not based on the real needs of the 
users. The researchers reasoned that users might have printed documents for 
examining them later and did not necessarily find them to be relevant. I think, even in 
a real life environment where users are using real queries, the printing of documents 
by a user does not necessarily mean that the user considers the document to be 
relevant. The reason users might print documents for real queries might also be that 
they wanted to examine those documents later. They did not collect data on other user 
behaviors they classified in their framework.
The two experiments described so far (Morita and Shinoda, 1994; Kim et al., 2000) 
have shown the usefulness of reading time as an observable behavior. The researchers 
state that it is easy for a system to collect reading time for a document and this could 
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be a good source for implicit feedback information from a user. For printing behavior 
(Kim et al., 2000), the researchers could not find evidence to support its usefulness. 
Could this mean that printing behavior does not provide any useful information for an 
implicit feedback system? The reason the researchers provide is that the users might 
have printed the documents only to examine them later, rather than printing because 
they were relevant. This argument by the researchers however, does not rule out using 
printing behavior in combination with other observable behaviors like reading time 
and saving. In the future, it would be useful to study printing behavior in combination 
with other observable behaviors. Morita and Shinoda (1994) could not show the 
usefulness of saving and posting follow-up. Kim et al. (2000) also did not find 
evidence for the usefulness of posting follow-up, providing hyperlink, citing and 
using text from a relevant document. 
Oard and Kim (2001) extended this line of investigation by exploring further means 
of obtaining implicit feedback from a user. They added another category, annotate, to 
their existing framework of examination, retention and reference (Kim et al., 2000). 
This category included behaviors such as a marking up a document (highlighting 
particular segments of document), explicitly rating documents for their relevance and 
categorizing a document into a user defined structure for later access. In the 2001 
paper, the researchers did not conduct any experiments to examine the relationship of 
annotation with the relevance of a document. Other researchers, however, have 
conducted experiments to study the usefulness of annotation for an implicit feedback 
system. 
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Golovchinsky, Price and Schilit (1999) used annotation for relevance feedback in 
their information retrieval experiments and derived better results compared to using 
standard explicit relevance feedback techniques. The researchers defined the user 
behavior of annotation as the highlighting of text in the phrases or paragraphs by the 
users. The users highlighted text on the system interface when presented with 
documents retrieved by the system. The researchers reasoned that users annotated text 
that the users found to be relevant or interesting. Their reasoning is that annotation is 
an implicit way of obtaining useful terms from the user and this would be more 
relevant than using system selected terms from documents for query expansion. This 
definition of annotation is different from that defined by Kim and Oard (2001). The 
definition provided by the latter is a category of observable behaviors rather than a 
single behavior. However, it includes a behavior comparable to that of Golovchinsky 
et al. For this experiment, the researchers studied 10 users annotating and explicitly 
evaluating 6 documents retrieved for each of the 6 topics. The researchers chose the 6 
topics. The collection included 173,600 documents Wall Street Journal articles from 
the TREC-3 conference. The researchers used text from user annotated passages to 
form queries and obtained better results than those obtained with explicit relevance 
feedback. The researchers compared the results obtained from their experiment to 
those obtained with queries formed using relevance feedback. They obtained 
precision of at least 0.10 or more for each of the topics with the annotated text than 
with the original queries. These positive findings for annotation provide support for 
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considering user behavior of highlighting text in documents studied by Kim and Oard
(2001) as a useful factor to consider for implicit feedback mechanisms. 
Kelly and Teevan (2003) expanded the framework of behaviors for implicit feedback 
(Kim and Oard, 2001) by adding an additional category called create. This new 
behavioral category dealt with the users acting further on the documents examined by 
using them to create new documents and text. The researchers did not conduct any 
studies to show that the measure can be used to predict the relevance of documents 
and therefore whether such behavior might be useful for an implicit feedback 
mechanism. Their reason for including this category is that one way a user utilizes 
information from the documents is by using them for creating new documents and 
text and that this implies the users found the documents to be relevant. My impression 
on the usefulness of this category is that it can definitely be included in the 
framework of implicit feedback behaviors. Intuitively, I agree with the researchers’ 
reasoning that users consider the documents to be relevant when the users display a 
behavior from the create category. It helps provide an additional perspective for 
developing measures that can be utilized for implicit feedback in a system. It would 
be useful to conduct an experimental study to show that users use information from a 
document for creating new documents and text only if they find those documents to 
be relevant to their information needs. I think it would be interesting to conduct a 
further study on the combination of follow-up behavior (Morita and Shinoda, 1994) 
and those from Create category. According to Morita and Shinoda, the follow-up 
behavior of a user is creating a new message based on a message read by the user. I 
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find the definitions of behaviors under create category and follow-up action to be 
similar. Even though Morita and Shinoda could not show the usefulness of follow-up 
action of a user in predicting the relevance of documents, this behavior could be 
studied further. 
Experiments conducted by Claypool, Le Waseda, and Brown (2001) examined the 
utility of other implicit means of obtaining feedback from users such as mouse clicks, 
scrolling and time spent on a page. The time spent on a page by a user was the time 
between the opening of a document and exiting the same document by the user. For 
their experiments, they developed a web browser. Seventy-five users were requested 
to use the browser for a period of 20 to 30 minutes. The users were not given any 
particular task for browsing. They looked at a total of more than 2267 web pages. The 
users were requested to provide explicit ratings for the web pages they looked at 
based on how interesting they found a page. The researchers obtained explicit ratings 
for 1823 (80%) of the web pages. The results showed that the researchers were able to 
predict the relevance of a web page with a threshold of about 21 seconds of display 
time spent on a page.  They reported that they could not find positive correlation 
between the scrolling of a mouse and the explicit ratings. This study reveals that time 
spent on a page could be a useful behavior to be observed by an implicit feedback 
system and these results are consistent with the studies reported earlier. The 
researchers suggest that the other measures such as number of mouse clicks and time 
spent scrolling on a page could be used in combination with time spent on a page for 
predicting the relevance of documents. 
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The discussion of the experiments so far have shown that reading time for a document 
could be useful for obtaining implicit feedback. Kelly and Belkin (2004) examined 
the usefulness of a similar behavior called display time. They defined display time as 
the time elapsed from the opening of a document to the closing of the same by the 
user. This definition of display time is the same as the one used by Claypool et al. 
(2001). The difference in the definitions of display time and that of reading time as 
described in the earlier discussions is that, the reading time was the actual time users 
spent to read a document. For this experiment, the researchers undertook a naturalistic 
user study on 7 users over a period of 14 weeks. They requested users to perform 
tasks such as classifying documents and rating the usefulness of the documents they 
browsed during the course of the experiment. They used a browser that unobtrusively 
kept a log of the behavior of the users over a period of time. They concluded that 
there was no direct relationship between the display time and relative usefulness of 
the document because they could not find significant empirical evidence. Researchers 
have shown the usefulness of reading time (Morita and Shinoda, 1994; Kim et al., 
2000). The results from this study contradict the earlier findings. It is not clear if this 
conflict arises due to difference in experimental settings or because of the nature of 
the behavior itself. This contradiction can also be attributed to the usage of actual 
reading time for a document used by the researchers in the previous experiments 
rather just display time in the system interface. 
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In this section, I have reviewed various techniques that have been shown as useful by 
researchers. Some behaviors were either shown not to be useful or the researchers 
could not find enough support in their studies to show that the behaviors were useful. 
It would be interesting to study whether the behaviors for which no support was 
found would perform better if they were used in combination with the useful 
behaviors. The following is the summary of results from the studies examined in this 
section:
 Reading time as a behavior has so far been the best indicator of relevance of or 
interest in documents. This behavior of users could be classified as being useful for 
implementing in an implicit feedback technique. 
 Printing of a document has not been shown to produce positive results, but this is a 
behavior that could provide for a new study for its usefulness in combination with 
reading time. The study could perhaps request the users to provide explicit ratings 
on the relevance of the documents they print in order to determine the usefulness of 
such a combination. Such a study would help provide stronger evidence for reading 
time as a useful implicit indicator. As discussed in this section, reading time is a 
useful behavior but the combination of a high reading time and printing behavior 
might mean that a user has found the document to be relevant. The support for this 
combination of behaviors might address any ambiguities in the usefulness of 
reading time.
 Annotation of documents by highlighting the text from documents is an easily 
observable behavior in the experimental system that the researchers used. This 
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behavior has been shown to be useful in improving the results of a system by 
adding terms from the annotated text to queries. 
 Annotation by providing hyperlinks or citing a document could mean that the users 
find that document to be relevant to their information needs. For this behavior, 
further research needs to be conducted to examine its usefulness. 
 The Create category including behaviors such as using text from a document for 
creating new documents and text could mean that a user has definite need for 
information from that document. It is a very good measure that is worth 
considering for studying in future experiments. 
 Follow-up is another user behavior that was discussed but the researchers did not 
find support to claim its usefulness. It might be useful to study the usefulness of 
this behavior in combination with other behaviors like creating new documents and 
new text. For follow-up behavior, users use text from the original source for 
creating new text or relate the new text to the source and this is similar to creating 
new documents or text from relevant documents. 
 For behaviors of user interaction with a system such as number of mouse clicks, 
scrolling time and scrolling frequency, the researchers could not show evidence for 
their usefulness. However, these behaviors could be studied further to determine 
their usefulness in implicit feedback mechanisms. 
The following section describes experiments in which such behaviors have been used 
in implicit feedback mechanisms. 
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5. 2. Effectiveness of Implicit Feedback and Empirical Studies 
The behaviors of users discussed in the previous section reveal various factors that 
could be implemented in an information retrieval system. The experimental studies 
discussed in this section serve to provide empirical evidence for the effectiveness of 
implicit feedback mechanisms in various experimental settings. I will first report on 
an experiment conducted by a researcher to show the effectiveness of using a few 
user behaviors discussed in the previous section. Then, I will report on a few studies 
where researchers experimented with various implicit techniques to improve the 
results of a system. This is followed by experiments describing the efforts of 
researchers to build user profiles that could be used in implicit feedback mechanisms. 
Jansen (2005) conducted experiments to determine the point of time at which it is best 
for a system to intervene in the search process of a user to provide automated 
assistance to the user as an option to optimize the use of the system in order to 
improve the results. The experiment was conducted with 30 users and used document 
collections from TREC-4 and 5. The users were given two topics from the TREC data 
to be used as the topics for the queries. The system offered assistance to the users 
whenever the assistance was available and the users also had the option to refuse the 
automated assistance during any stage of the searching process.  The assistance 
offered included five options. 1. The system could check the original queries for 
syntax errors and correct any mistakes. 2. The system could correct spelling errors in 
the query. 3. The system could suggest synonyms for the query terms from WordNet. 
4. If the number of documents in the result set for a query was more than 20, then the 
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system offered suggestions like using binary search operators or using phrases for 
search terms. 5. When a user bookmarked, printed, saved or copied text from a 
document, the system automatically extracted terms from those documents using an 
unspecified technique and used those terms for query expansion. Only the fourth and 
fifth options listed here are related to feedback use. The fifth option which was 
offered to the users was based on the past document using behavior of the users. This 
was presented to the users at a period of time determined by the system based on the 
users’ behaviors with results obtained from the initial query. The behaviors of users 
observed by the system were whether a user bookmarked a document, printed a 
document, saved a document for later use or used text from the document for their 
own uses. Section 5.1 discussed studies conducted by researchers which suggested 
that these behaviors may be useful in an implicit feedback system. 
Jansen found that 50% of the users rejected the automated assistance (all five options) 
and 82% of the rest used the automated assistance by implementing the suggestions 
offered by the system. These results assume significance in terms of the potential 
usage of the implicit feedback mechanism by users in an information retrieval system 
and provide for a case to support implementing such mechanisms. In my opinion, the 
acceptance rate of 50% for the automated assistance in this experiment indicates that 
many users using systems in real life might also utilize such an option offered by a 
system. This might be more so with the case of inexperienced users of a system who 
find it difficult to use techniques like explicit relevance feedback for query expansion. 
Users were offered assistance in this experiment and this was done without involving 
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any involvement from the users to provide explicit feedback. This experiment 
illustrates a practical technique that could be used in information retrieval systems to 
offer assistance to users. 
The next discussion is an experimental study where the researchers used information 
from past search sessions of users to help serve the needs of the users. Fitzpatrick and 
Dent (1997) conducted studies using documents selected by users from the past 
queries for query expansion. The researchers found that this technique yielded better 
results for standard methods of measure such as precision and recall when compared 
to results obtained from techniques like top-document feedback and no feedback. 
This technique of using documents selected in the past by the users is the behavior of 
users that the researchers sought to use for their implicit feedback technique. The 
researchers hypothesized that current queries might be related to queries which have 
been submitted in the past in terms of relevant documents expected from a system. It 
has to be noted here that the researchers did not use actual users to select documents 
that the researchers used as relevant documents from past queries. The researchers 
themselves ran 110 queries on the TREC-3, 4 and 5 document collections and 
selected the relevant documents from the results. I think this method could be used in 
a real users’ environment too where the users would have to select relevant 
documents for a few queries first to let the system record their selections. These 
selections of relevance judgments could then be used later by the system to help the 
users as per the technique described in this study. A system using such a technique 
would first require the real users to manually identify relevant documents for queries 
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and these documents and queries can be used later by the implicit feedback technique 
in the system.
The researchers suggest that the primary reason for their undertaking of this approach 
is the size of the contemporary document collections and the relatively few search 
terms used by an average searcher for making up a query. This study is motivated by 
the fact that the researchers wanted to offer a solution to expanding queries with 
additional user provided terms without involving any effort from users. They used 
TREC–5 data to run the experiments. Their first trial was with baseline queries which 
were extracted manually by the researchers from 50 topics provided for TREC–5. The 
queries averaged 5 terms in length. For one of the experimental techniques, a top-
document feedback mechanism extracted terms from top ranked documents from the 
results of one iteration of the experiment. These terms were added to the original 
queries for expansion. This method utilizes the assumption that top documents are 
relevant. This part of the experiment used a traditional relevance feedback technique 
and was conducted to provide a means to compare their experimental technique. 
For the implicit feedback mechanism which was the focus of their research, 
Fitzpatrick and Dent used 50 queries each from the TREC–3 and 5 document 
collections and 10 queries from the TREC-4 collection. They ran one retrieval 
iteration for each of these 110 queries to compute affinity scores for each query. This 
was done using a technique of looking at similarity in the queries and top ranked 
retrieved documents. The top n documents retrieved for each query were examined by 
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the researchers using their own equations and if the retrieved documents were similar, 
the queries were considered similar and put in the affinity pool. The terms from 
documents retrieved for 3 most similar queries to a particular query from the TREC-5 
collection, were added to that particular query. The researchers then ran the 50 
queries on the TREC-5 document collection. Using this technique they obtained an 
average precision that was higher by 38% over baseline queries and 12% higher than 
top-document feedback technique. This research explains one implicit feedback 
mechanism that is used to affect the method of query expansion by adding related 
terms. Queries that are used in large document collections have been proven to 
perform better in terms of recall when they have high number of terms in them and 
this experiment has shown that precision can be improved too. Since there is no 
interaction with the searcher for expanding the queries and user interaction is limited 
to selecting relevant documents to initiate the process of feedback, this technique 
could be adopted for systems as an implicit technique of obtaining relevant terms for 
query expansion.
The next discussion is on an experiment that was carried out to study the usefulness 
of using judgments of users on the effectiveness of queries from past search sessions. 
This experiment is similar to the one conducted by Fitzpatrick and Dent (1997) in 
using information from past search sessions. However, this study also includes the 
technique of user profiling. Raghavan and Sever (1995) carried out experiments to 
study the approach of reusing past optimal queries to improve the performance of 
search systems for users. They define optimal queries as a “linear classifier that 
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separates the documents judged relevant by a user from those judged non-relevant, 
among a sample of documents examined by the user”. This definition suggests how 
user behavior from the past could be incorporated into this technique. The system 
records and interprets the relevance judgments of documents made by a user in past 
query sessions. The researchers reasoned that for a particular user with a particular 
profile, queries could be optimized if they could compute the similarities between the 
current queries and past optimal queries. Since a system could be made to store the 
past optimal queries, this becomes an example of gathering implicit feedback 
information for use in information retrieval. The researchers conducted their 
experiments using the Cranfield collection of 1400 documents and 225 queries. Using 
their own method, the researchers experimented with the data to compute the 
similarity scores between the queries based on the document collection. The 
discussion of this method is beyond the scope of this paper. They state that the 
computed scores could be used to optimize new queries that users might formulate in 
their search process. The researchers showed that results could be improved by using 
past optimal queries to present relevant documents to a user. This form of implicit 
feedback is a complex mechanism and needs to be explored further to gain a better 
understanding of the process. In light of the size of contemporary document 
collections which are huge and also the internet which is a collection of vastly 
diversified information, the results that were obtained this experiment using the 
Cranfield collection might not hold a lot of relevance. The Cranfield collection is very 
topic specific and contains only bibliographic references with abstracts. A 
contemporary document collection such as TREC contains documents on various 
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topics and represents the widely used internet more then the Cranfield collection 
does. 
So far I have described experiments that were carried out by researchers to examine 
the of implicit feedback technique. The first experiment (Jansen, 2005) involved the 
system offering the users automated assistance and this study found a positive result 
for the willingness of users to use the automated assistance offered. The behaviors of 
users that were used in this experiment were users bookmarking, printing, saving or 
copying text from a document. The behavior of users judging documents to be 
relevant in past search sessions was also included in two of the techniques described 
so far. The next two studies (Fitzpatrick and Dent, 1997; Raghavan and Sever, 1995) 
included techniques where the users’ behavior of judging documents to be relevant 
could be used in implicit feedback techniques. Even though explicit relevance 
judgments of documents were required in these experiments, these techniques could 
be implemented in an implicit feedback system because the users could provide 
required relevance judgments for a certain period of time. The system could then use 
the techniques to present relevant documents to the users in their future search 
sessions. The following experiments are the studies where researchers tried to use the 
technique of user profiling in their implicit feedback systems to enable a system to 
present relevant documents to users. 
White, Ruthven and Jose (2002) conducted experiments to study if users would 
increase the level of interaction with results presented from an information retrieval 
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system. A part of their experiment was also to study the effectiveness of utilizing an 
implicit feedback technique in one of their research systems. For the scope of this 
paper, I will discuss only the results obtained from their experiment that shows the 
effectiveness of implicit feedback technique. The researchers believed that users 
generally restrict their interactions with a retrieval system to providing query terms 
and that if any explicit feedback information is provided, it is only used for the next 
iteration of a query. For their experiments, the researchers studied the effectiveness of 
two methods of obtaining relevance and browsing information from the users. This 
information could potentially be used to enable the system to build profiles for the 
users. The researchers used two schemes of representing documents from a retrieved 
set of results. The first scheme used a sentence extraction model (White, Jose and 
Ruthven, 2003b) to summarize the first 30 of the top ranked web pages of the result 
set. The interface in this system presented the users with titles of the top 30 pages and 
presented the summary to the users in a summary window if a user passed the mouse 
over a title. The second scheme used a system which according to the researchers was 
an extension of the first system and presented titles of web pages and top ranking 
sentences from that page in its interface. When a user passed the mouse over a title, 
the system would open a window and display the summary from that web page. 
A third system was used and it was the same as the second system with an added 
feature. This system could measure the reading time for the summaries. The 
researchers cited the research of Oard and Kim (1998) to show that researchers found 
correlation between positive relevance of a document and reading time for the 
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document. The system interpreted the user behavior of browsing over a relevant title/ 
sentence and spending time on reading the summary to be a judgment of relevance by 
the user. In their results, the researchers reported that users spent an average of 
0.02620 seconds for reading a character in relevant summaries and 0.01937 seconds 
for reading a character in non-relevant summaries. This result shows that users spend 
more time reading relevant documents than non-relevant documents. The third system 
also used terms from the top ranking sentences that users browsed over to expand the 
queries. The system then re-ranked the documents retrieved by using the expanded 
queries. The experiments were carried out using 24 users and they were given 3 
search tasks each. Users were divided into two categories, experienced users and 
inexperienced users, based on the internet and web searching experience of users and 
users’ ratings of their skill levels. This behavior of the users was used as implicit 
evidence of relevance by the system to re-rank the sentences and present them to the 
users. The users were also requested to provide a rating between 1 and 5 (1 indicating 
higher interest) for the second and the third systems. The users rated the systems 
based on how useful they found the second and third systems to be and whether the 
systems helped them find relevant documents. The following tables show the 
responses of the users regarding the top ranking sentences in the two systems and re-
ranking of the documents by the third system. 
Table 4. Reponses of subjects regarding top-ranking sentences (from White et al., 
2002, page 62)
Inexperienced Experienced
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System 2 2.00 2.17
Effective
System 3 1.92 2.33
System 2 1.75 1.67
Helped to find 
relevant documents System 3 1.25 1.75
Table 5. Responses of subjects regarding re-ranking in system 3 (from White et al., 
2002, page 62)
Inexperienced Experienced
Effective 2.25 2.67
Helped to find 
relevant documents
2.33 2.67
The researchers state that inexperienced users may have obtained more use from the 
use of implicit evidence by system 3. The experiment described in this case involved 
a certain degree of involvement from the users in spending time on reading the 
relevant documents. The involvement of users with a system is used to build a profile 
for a user which can later be used in a implicit feedback technique by the system. 
This experiment shows one of the ways in which user profiling could be used in 
implicit feedback techniques to improve the results of an information retrieval 
system. 
Seo and Zhang (2000) conducted experiments to enable a system to build user 
profiles based on users’ web browsing behaviors. They used behaviors such as 
bookmarking of pages by the users, spending time in reading the pages, following-up 
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on the web pages and scrolling up and down the web pages. The researchers used a 
reinforcement agent called Letizia with an aim to enable systems to perform 
information filtering. Reinforcement agents enable a system to observe the behaviors 
of a user in using a system and in building a user profile in an incremental fashion. 
This means that the system keeps interpreting the behaviors of a user and adapts the 
profile for a user to suit as his / her behaviors change. These users’ profiles are used 
for filtering information from a result set before it is presented to a user. The 
reinforcement agent makes recommendations to users on relevant documents in new 
searches conducted by the users. Using information obtained based on the user 
behaviors, a user profile was built for each of the 10 users based on a total 15000 html 
documents they browsed for 30 topics. The researchers examined the correlation 
between the documents presented to a user by the system and user behaviors. For 
documents that were bookmarked, 82% (984 out of 1200) of the documents were 
relevant. For follow-up action taken by the users, 38% (2451 out of 6450) of the 
documents were relevant. For documents on which the users scrolled on the page, 
42% (4410 out of 10500) of documents were relevant. For reading time, the 
researchers found that users spent about 10 seconds more on relevant documents. 
Their findings revealed that their system could perform better when the results were 
filtered for each user based on the user’s profile. They also concluded that this system 
learns quickly and requires minimum effort from users compared to traditional
relevance feedback techniques. This study presents an interesting perspective in that a 
system could use a reinforcement agent which records the behaviors of users over a 
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period of time and that information could be use to offer personalized content to 
users. 
The following discussion also presents a study that was conducted to build user 
profiles but the researchers used two kinds of user profiling techniques: current and 
long term profiles. Sugiyama, Hatano and Yoshikawa (2004) conducted experiments 
to study the possibility of building user profiles for searches on the World Wide Web 
using a browser. The experimental system used by the researchers observed and 
recorded user behaviors such as selecting a page from the search results and 
following the hyperlinks on a page. The researchers reasoned the two behaviors 
meant that the users considered those pages relevant to their information needs. The 
user behavior of following hyperlinks on a page was not discussed in section 5.1. The 
reasoning of the researchers to include a novel behavior prompted me to include this 
study in the discussion. I think this is would be a useful measure to study considering 
the wide usage of the internet for seeking information in the current times. The 
researchers identified two types of measures for their experiment, based on persistent 
preferences and ephemeral preferences. The persistent preferences for a user were 
developed by the system over a period of time. The ephemeral preferences of web 
browsing for a user were developed only during a current web session and discarded 
at the end of it. These preference measures were used by the researchers to build 
searching and browsing behavior profiles of the users. The exact nature in which the 
system built profiles for users with these measures was not described. The user 
browsing profiles enabled the system to offer personalized content for either new or 
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refined subsequent searches conducted by the users. The personalized content 
involved offering search results to users in a manner interpreted by the system as 
relevant to the user. The researchers studied the web browsing habits of 20 users for 
30 days using topics from TREC WT10g test collection as initial queries. The users 
browsed an average of 12 web pages per day and the total number of web pages 
browsed amounted to 810,000. The results suggest that the system could not improve 
the precision measure of searches by the users even after the system was able to build 
profiles for the users. However, this study was included in this paper because of the 
novel observable behavior of users that the researchers used in their study. This 
measure could be adopted by future researchers in their experiments to study its 
effectiveness. 
In the three studies described above, the researchers used various techniques to build 
user profiles that could be used in an information retrieval system to present relevant 
documents to a user. White et al. (2002) researched and presented the results of a 
system that could use the information from a user profile to rerank the documents for 
a user. They also showed that this technique was found to be more useful by 
inexperienced users than by experienced users. This experiment offers a useful 
suggestion in that automated systems might be more useful to inexperienced users 
who have difficulty in retrieving relevant documents on their own. The next study 
conducted by the researchers, Seo and Zhang (2000) discussed the usefulness of 
utilizing a reinforcement agent to record and interpret information in a user profile. In 
my opinion, using reinforcement agents is an effective way to build user profiles and 
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offer personalized content to users for a search session. Reinforcement agents adapt 
the profile for a user as the behaviors of the user changes and these agents allow for 
the system to change the profile as the user keeps using the system. This is a novel 
idea compared to the common user profiling techniques which require the users to 
rate documents for relevance to set up a profile. The system then uses this profile to 
present information to the user and it may not change the profile for a user even as the 
behaviors of the user change. I think this has more relevance in the contemporary 
world where there is an overload of information and it is difficult for a person to 
retrieve relevant documents without any assistance. The reinforcement agents could 
help interpret users’ information needs based on their behavior over a period of time 
and offer personalized content to them. The last study described in this section by the 
researchers (Sugiyama et al., 2004) used a novel user behavior of following hyperlink 
from a web age to build a profile for the users. This study also described the 
technique of using short term profiling and long term user profiling to assist a user. 
The experiments discussed in this section covered the usage of various behaviors in 
an implicit feedback technique and also how implicit feedback techniques could be 
used to build user profiles. 
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5. 3. Advantages and Disadvantages of Implicit Feedback
In this section, I report on some of the advantages and disadvantages of using implicit 
feedback techniques in an information retrieval system. 
Users seldom make use of advanced features available in an information retrieval 
system that helps in improving the results (Jansen 2005). An implicit feedback 
technique, when implemented in a system, could enable the users to utilize the 
advanced features provided in a system, without explicitly providing information to 
the system. This is an advantage of the implicit feedback techniques, which also 
means that users would not be required to make any changes in their searching 
process (Seo and Zhang, 2000). In a large number of cases, the system could gather 
and interpret information about the user on a completely implicit basis. This 
information is gathered when a user performs tasks such as querying, browsing and 
using results. In some cases, the underlying implicit feedback method used in the 
system can progressively gather and interpret information regarding a user (Sugiyama 
et al., 2004). This would mean that the users would not have keep providing input and 
feedback to a system on their preferences. The system could rather learn the changes 
in users’ preferences implicitly and quickly. I feel another advantage of using implicit 
feedback techniques in a system is that users could be provided with an option to turn 
off the implicit feedback features in a system. This action may be initiated by users 
for a number of reasons including poor performance of implicit feedback techniques, 
change in the performance of the regular system or a reason as simple not wanting to 
use any form of automated assistance. This shows that information retrieval systems 
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using implicit feedback as a technique could be user friendly and made to conform to 
the needs of users. 
The advantages listed above provide for a case to use implicit feedback techniques in 
an information retrieval system. However, it would also be useful to look at the 
disadvantages of using implicit feedback techniques. 
One of the biggest shortcomings of the implicit techniques is that it might not be 
possible to replicate the success of a model in a stand alone database system to World 
Wide Web based search engines (Seo and Zhang, 2000). I think that it is also possible 
for users to perceive a system that utilizes an implicit feedback technique to be more 
complex than a regular information retrieval system with or without relevance 
feedback features. This perception of increase in complexity might lead the users 
away from utilizing such features in a system. Users of a system using implicit 
feedback might be required to configure the system to get the system running and 
perform a few explicit relevance feedback tasks to build their profiles. Users might 
find it difficult to perform such operations when they do not completely understand 
the benefits of using such a system. In this case, the users might be left with no option 
but to use explicit relevance feedback mechanisms to improve search results. It is also 
possible that if users were to turn off the implicit feedback mechanism in an 
information system due to various reasons, it might affect the performance of the 
system in a negative manner. The system could perform poorly in terms of presenting 
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relevant documents to the users because the system might have been built to improve 
the results of a search process based on implicit feedback from users. 
Another concern that arises from the usage of implicit feedback techniques is that a 
system collects information on behaviors of users such as relevance judgments of 
documents made by the users, past queries, reading time and printing behavior. Users 
might perceive such a feature in the system to be a breach of their privacy rights by 
the developers of a system. 
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6. Conclusion
The goal of this paper was to provide a meta-analysis of literature available on the 
topic of using implicit feedback in information retrieval systems. A few key areas 
such as explicit relevance feedback for query expansion, user behaviors that are 
useful and not useful in implicit feedback and techniques to use implicit information 
in systems were identified from a preliminary analysis of literature. The literature 
covering these topics was extensive but I had to make selections for including the 
papers in my study based on the availability and those that I found to be informative. 
For the technique of using explicit relevance feedback for query expansion, a 
discussion on the advantages and disadvantages of using the technique was presented. 
It is concluded that this technique will continue to be used since it has been proven to 
be effective for improving the results of an information retrieval system. However, 
the need for using an alternative technique to improve the results of a system was 
discussed because of the disadvantages in using the explicit feedback technique. The 
proposed alternative technique was using implicit feedback technique. This 
motivation led to the discussion on the various user behaviors that could be used by 
an implicit feedback technique. Among the behaviors that researchers have studied, 
reading time has been shown to be useful by multiple researchers. However, the 
usefulness of this behavior depends on a system capturing the actual reading time of a 
user rather than the display time for a document. A few other behaviors such as 
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printing, saving, following-up and annotation of text were also discussed for their 
usefulness as shown by the researchers. An interesting category of behaviors called 
create which included behaviors such as using text from a document to create new 
documents or new text was identified by two researchers. I believe the behaviors 
included in this category seem to be the most intuitive way to judge the relevance of a 
document because the users would have to find the document to be relevant enough to 
include text from parts of it to create new text or documents. These behaviors, 
however, were not studied in an experiment. It might be difficult to set up a system to 
do capture information from users for these behaviors because users could utilize 
various means to use text from a document. The behaviors of users under the create 
category could be explored further by researchers to identify the ways in which a 
system could record and interpret it. The methods in which the behaviors of users 
were implemented in implicit feedback techniques by researchers were discussed and 
evaluation by the researchers on whether these behaviors have been found to be 
useful or not were presented. Finally, a discussion on the advantages and 
disadvantages of using implicit feedback in a system was presented. 
It can be concluded that behaviors of users can be utilized for implicit feedback 
techniques in information retrieval systems. The body of literature on using implicit 
feedback will continue to grow because of the various advantages this technique 
offers to users. However, it would take a while before issues concerned with 
implementing effective implicit feedback techniques are resolved and the explicit 
feedback mechanisms are replaced in their current manifestation in many information 
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retrieval system systems. The topics covered in this paper provided me with a good 
opportunity to gain an understanding of how implicit feedback could be used in 
information retrieval systems to improve results. 
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